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CHAPTER I
INTRODUCTION AND LITERATURE REVIEW

Background
As the world’s population keeps growing, demand for food is also increasing and
the soil’s fertility is declining due to continued production and use of chemicals
especially commercial fertilizers and pesticides. (Magdoff and Harold, 2009). Continued
use of chemical fertilizers and pesticides destroys the natural soil ecosystem, which is a
habitat for soil organisms that help in transforming inorganic compounds and release
nutrients to plants. Eventually, soil health deteriorates and soil is ultimately killed leading
to low agricultural productivity. (Greenpeace, 2014). In Malawi for instance, the growing
population is exerting pressure on an arable land of about 28, 224 Km2 for food
production. (Magdoff and Harold, 2009) narrates that improving soil health is key to
long-term, sustainable agricultural production in order to continue to meet the demands
of the growing population. One step in improving soil health is soil testing. “Soil testing
is very vital and it gives a true assessment of the soil’s measure of productivity and
fertility status.” (Peck and Soltanpour, 1990). According to them, soil testing determines
the available nutrient status of soils and clearly shows the farmer the level of severity of a
nutrient deficiency of various crops. Soil testing also forms the basis for formulating lime
and fertilizer needs.
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All plants require elements in their proper balance for growth and development.
(Havlin et al., 2005) lists seventeen essential elements, and these are divided into two
main categories. The first category are macronutrients, N, P K, Calcium, Magnesium, and
S. These are required in quantities greater than 1000 milligrams per kilogram by the
plant. The second category is for micronutrients required in quantities less than 100
milligrams per kilogram.”(Varco, 2014). The soil, however, does not always provide the
essential elements in the required amount for plant growth. Often times, it is deficient in
these essential elements.
“Soils in Malawi have been grouped into 28 classes, predominated by three major
soil types namely: Lithosols, Latosols, and the Haplic Lixisols.” (Aquastat, 2006).
“About 40% of these soils are of the Oxisol and Ultisol order which are highly weathered
and leached acid soils often deficient in essential soil elements. This is the type of soil on
which most of the arable land in Malawi is located, as a result agricultural productivity is
minimal in the country.” (Chilimba, 2013). Malawi’s agricultural soils are mostly
deficient in Nitrogen, Potassium, Sulfur, and Zinc. (Chilimba and Liwimbi, 2008).
Approximately 59,000 km2 of Malawi’s soil area was estimated to be K deficient
(Gwosdz et al., 1996), representing more than 60% of the total arable land. This indicates
that K fertilizer is necessary for most parts of the country. “The need for K fertilizer in
Malawi, has also been influenced by such factors as the introduction of high yielding
hybrid crop varieties, high cropping intensity and the use of land for commercial crops.”
(Lakudzala, 2013).
The idea of soil testing is not new. It started in the 1840s when people became
interested in studying how plants grow. Justus von Liebig has been considered an early
2

(1840) worker in the soil testing field, and is considered father of agricultural chemistry.
“Soil testing involves chemically removing elements from the soil sample and measure
them for their plant’s availability within the sample.” (Peck and Soltanpour, 1990).
Common methods of soil testing
There are different methods of conducting these extractions with regard to
different factors. These factors come about because there are different soil types with
different properties and characteristics such as soil pH, and type of nutrient to be
extracted. In the United States, for example, according to (Whitlark, 2011), “soil testing
methods vary per state according to the type of soils and purpose of the soil test results.”
In view of this, different soil extractants have also been developed. Some of the
extractants are specific to a particular element, while others are considered to be
universal. (Whitlark, 2011) also noted that: “uniform application of most commonly used
and recognized soil testing extractants may result in misguided fertilizer and soil
amendment programs.” This therefore, calls for the necessary cautiousness when
choosing a particular extraction method, in order to come up with an accurate measure of
the extracted element and, make meaningful interpretations. The subsequent paragraphs,
gives a discussion on different soil testing procedures, as reported by the University of
Minnesota (Minnesota, 2013), commonly used in most soil test laboratories across the
United States.
Bray-P1 method
This method is used to determine P content in the soil and uses Bray-1 extractant.
It is the original ‘standard’ extractant developed for acid Midwest soils. (Spectrum
3

Analytic Inc, 2014). The Bray-1 extractant contains N HCl to solubilize soil P and F-ions
to lower the Al activity to reduce Al-P complexation. This method is appropriate for
neutral to low pH soils but may experience problems with calcareous or high pH soils.
The method does not measure all the P that may be available for plant growth; some
fraction of the organic P may become available upon mineralization. The maximum
reporting limit for this test is 100 ppm.
Bray-P2 method
Bray-P2 method uses the Bray-P2 extractant which, is almost similar to the BrayP1, except that the hydrochloric acid in the P2 extractant is four times stronger than in the
P1. This extractant is able to extract additional soil P that exists as tri-calcium phosphate,
which is a form of P not available to plants. Few agronomists use this test for fertilizer
recommendations.
Olsen method
The Olsen method, developed in 1954 by S.R. Olsen, is used in highly calcareous
soils that have a pH greater than 7.4. It provides a method of determining soil P in those
alkaline soils where the Bray methods were unsatisfactory. The maximum reporting limit
for this test is 50ppm.
Mehlich 1 method
This method was originally introduced in 1953 by Dr. Adolf Mehlichin as the
North Carolina Double Acid method. It was developed for the acid, low CEC Southeast
soils. It is best adapted to the coastal plain soils of the Eastern U. S.A. The method was
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subsequently renamed the Mehlich 1 method, after Dr. Mehlich developed additional soil
analysis methods.
Mehlich 3 method
This was introduced by Dr. Adolf Mehlich in 1984. In between Mehlich-1 and
Mehlich-3, there was Mehlich-2 procedure which, was found to have problems and
therefore it was not adopted by laboratories. The Mehlich 3 method has proven to be a
very efficient and well correlated soil testing method as compared to the rest. In fact, “the
Mehlich 3 extractant has been proposed as a universal extractant and it is an attractive
method for routine soil testing.” (Mallarino, 1995). It is well correlated with the Bray P1
test (r2 = 0.966) on acid soils, and Olsen method (r2 = 0.918) on alkaline soils.
1M Ammonium acetate
One molar Ammonium acetate is used to extract exchangeable K in calcareous
soils by mixing the soil with excess amounts of the extractant. Ten milliliters of 1N,
neutral, ammonium acetate is mixed with a 1-gram scoop of soil and shaken for 5
minutes then filtered. The exchangeable K is determined by analyzing the filtrate on an
atomic absorption spectrophotometer set on emission mode at 776-nm. The results are
due to an exchange of ammonium cations for exchangeable K cations present in the soil.
The excess ammonium is then removed, and the amount of exchangeable ammonium is
calculated. The excess ammonium can be removed through either an aeration method or
using acid sodium chloride.

5

Lancaster method
This method was proposed in 1970 by Dr. J.D. Lancaster (a Mississippi State
University agronomist), is designed to estimate P in soils over wide range of soil pH. The
Mississippi soil-testing laboratory adopted the Lancaster extractant as a universal
extractant, an alternative to Mehlich 3 method. (Cox, 2001).
In Malawi, soil testing exercises have been conducted in some parts the country in
order to come up with appropriate soil fertility recommendations. Soil nutrient extraction
methods, which were used up to the late 1999 included AA, Bray P-1 (BP1) and DTPA.
(Chilimba et al., 1999). According to Chilimba et al. (1999), the use of these methods
were time consuming and costly. Therefore, the country adopted the use of the Mehlich
3, which is the universal soil extractant and the modified Olsen. These methods appears
to greatly reduce resource requirements, hence cost.
Soil test correlation
Corey (1987), defined soil test correlation as the process of determining whether
there is a relationship between plant uptake of a nutrient and/or yield with the amount of
that nutrient extracted by a particular soil test. Different methods may be used to examine
such a relationship. One example is the use of a Cate-Nelson simple graphical method
(Danke and Olson, 1990). The idea behind the analysis is to divide the data into two
groups: those data where a change in the x variable is likely to correspond to a response
in the y variable and those data where a change in x is unlikely to correspond to a change
in y. According to Danke and Olson (1990), the Cate Nelson graphical method plots
percent relative yield against soil test values which can effectively provide a visual
indication of the reliability of a specified soil test and its correlation to plant response or
6

the uptake of a specific nutrient. A procedure to complete a Cate–Nelson analysis
automatically in R-project was developed (Mangiafico, 2013), and is the one used in this
study. An overlay is drawn over the graph and puts maximum number of points in two
positive quadrants. If this happens, the test is predicting response. Soils with a low soil
test should have a low percentage yield (large response to added nutrients) and vice
versa. The point where vertical line crosses the x-axis is the critical soil test level. “The
critical soil test level depends on the extraction method used and the crop being grown.”
(Oklahoma State Uni, 2013). Thelander and Silvertooth (2000) wrote that once the soil
test correlation analysis has been conducted, and that a good correlation exists between
the soil test and plant response, calibration analysis should be performed.
Soil test calibration
“Soil test calibration is the process of determining the crop nutrient requirement at
different soil test values.” (SSSA, 2014). Soil test calibration should be one that describes
the soil test results in simple and easily understood terminology and make it simple to
come up with fertilizer recommendations by placing soils tested in response categories.
The terminology often used to describe such categories is very low, low, medium, high,
and very high concentration ranges (Danke and Olson, 1990). According to Thelander
and Silvertooth (2000), these response categories however, cannot be used to predict
yield, but can offer the probability that a response of a crop to fertilization will occur.
Sound soil test calibration is essential for successful fertilization program and crop
production. It is essential that the results of soil tests be calibrated against crop responses
from applications of the plant nutrients in question as it is the ultimate measure of a
fertilization program. “An accurate soil test interpretation requires knowledge of the
7

relationship between the amount of a nutrient extracted by a given soil test and the
amount of plant nutrients that should be added to achieve optimum yield for each crop.
Calibrations are specific for each crop type and they may also differ by soil type,
climate, and the crop variety.” (Sonon and Zhang, 1999). According to Sonon and Zhang
(1999), new calibrations are needed because of new plant genetics, nutrient sources, crop
management, environmental concerns, and laboratory and field advancement in
technology and machinery. The following are the commonly used procedures that are
followed in order to establish soil test categories:
Continuous curves
In this procedure, relative yield or yield is plotted against soil test values and fit a
continuous curve to the points. The curve is then divided into categories or fertility
indices (Danke and Olson, 1990). “The division of the categories however, is subjective
and arbitrary because continuous regression models do not have an inflection point as a
justification for making a division.” (Danke and Olson, 1990).
Probability approach
The Cate-Nelson correlation procedure described previously, in addition to
showing whether good correlation exists, splits the soil response data into two
populations. Thus, it acknowledges the basic capability of soil tests, which is to separate
soils that are likely to respond to added nutrient from those that are unlikely to respond.
(Danke and Olson, 1990) In other words, the data where a change in the x variable is
likely to correspond to a response in the y variable and those data where a change in x is
unlikely to correspond to a change in y. “The soil test value where the split occurs is the
8

critical soil test value. The soils testing above this level do not respond to added nutrients
while those testing below this level usually respond to added nutrients.” (Fitts, 1995; Fitts
& Nelson, 1956 as quoted by Danke and Olson (1990)). The next step is to further divide
the data into more than two categories. If it is three categories, it can be low where the
probability of getting a response is high and the amount of fertilizer recommended is
large, medium category where there is a 50 percent chance of getting a response and high
category where there is a small chance of getting a response (Dahnke & Olson, 1990).
The Cate-Nelson Analysis of Variance Method (ANOVM)
This is a statistical procedure that is used to establish three or more classes
(usually up to five) if more data are obtained. “The main purpose of establishing these
categories is to convert the soil test numbers or indices into terms that will give a grower
indication of the status of this soil.” (Danke and Olson, 1990). In a research conducted by
Onken et al. (1980) in Texas, they found out that among the methods of evaluating soil
test procedures establishing response levels; linear, logarithmic, quadratic, and
Mitscherlich, the ANOVM was superior.
Soil test interpretation
Soil test interpretation is the process of developing nutrient application
recommendations from soil test concentrations, and other soil, crop, economic,
environmental and climatic information. (SSSA, 2014).
The quantity of nutrients available to plants at any instance is determined by both
soil and plant properties. These are in turn influenced by several environmental
conditions. One of the soil properties affecting nutrient availability to plants is cation
9

exchange capacity (CEC). According to Spectrum analytical incorporation, in order for a
plant to absorb nutrients, the nutrients must be dissolved and split into positively (cations)
and negatively (anions) charged ions. Clay minerals and soil organic matter (OM) are the
negatively charged soil components which attract cations, and contribute to a high CEC
of the soil. CEC of the soil is a measure of the quantity of the negatively charged sites on
soil surfaces that can return positively charged ions by electrostatic forces. (Donald and
Quirine, 2011). As (Donald and Quirine, 2011) reports, these electrostatically returned
cations are easily exchangeable with cations in the soil solution. Soil OM will develop
higher CEC at near neutral pH than at acidic conditions. Methods of determining CEC
depends on the intended purpose of the data. For instance, Ammonium acetate is used
when classifying soil, and the CEC is measured at the standard buffered pH of 7. The
barium chloride-tri-ethanolamine method of Mehlich (1938) is another method which
buffers the soil pH at 8.2. Such CEC measures can result in values very different from the
CEC of the soil at its field pH. According to (Donald and Quirine, 2011), for an accurate
measure of the CEC of a soil under field conditions, the Barium chloride (BaCl2)compulsive exchange procedure is suggested. (Gillman and Sumpter, 1986). This method
gives an estimate of the soil’s capacity to retain nonacid cations or base CEC (CECb)
under field conditions. For an effective CEC estimate (CECe), exchangeable Al obtained
by extraction with one molar 1M KCl needs to be added. (Bertsch and Bloom, 1996). Soil
testing laboratories in Northeast USA usually estimate CEC based on the Ca2+), Mg2+)
and K+ extracted in the standard agronomic test such as Mehlich 3. Sodium is not present
in large amount in Northeast soils but if it does, extractable Na+ is put in the calculation
as well. It is believed that exchangeable Ca+, Mg2+, K+, and Na+ occupies almost one
10

hundred percent (100%) of the soil exchangeable sites. In alkaline soils, the estimated
CEC is accurate and the value is almost equal to the actual CEC. The EPA in USA uses
method 9081 for the cation-exchange capacity of soils. This method tests both calcareous
and non-calcareous soils by mixing the soil with excess amounts of a sodium acetate
solution; the results are due to the exchange of added sodium cations for the matrix
cations. The sample is washed with isopropyl alcohol and ammonium acetate is added,
replacing the adsorbed sodium with ammonium. The concentration of the displaced
sodium is determined using atomic absorption or emission spectroscopy. (Schafer, 2011).
It is important to know the CEC of the soil when determining fertilizer rates. A low CEC
soil will require more frequent, light fertilizer application to sustain a healthy crop and to
avoid unnecessary nutrient losses through leaching. (Whitlark, 2011). According to
analyses from the University of Massachusetts, there is a close positive relationship
between CEC and soil OM. Very sandy soils, low in OM, have CEC's less than 5. A CEC
between 10 and 15 is typical and usually adequate. CEC is important because it
represents the primary soil reservoir of available K, Ca, Mg and several micro-nutrients.
It also helps to prevent nutrient leaching.
Another soil characteristic affecting nutrient such as K availability to plants
include: intensity of soil solution nutrient concentration. For instance, soil solution K
affects availability of K to plants. The higher the concentration, the greater will be the K+
movement towards plant roots via mass flow and the greater will be the diffusion gradient
between the bulk soil and the rhizosphere. Soil water content, temperature, and tortuosity
of the diffusion path influence mass flow and diffusion rates. (Haby et al., 1990). Plant
factors affecting K availability to plants include plant age, K status (soluble,
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exchangeable, fixed, or structural), temperature, transpiration rate, root morphology and
growth rate, and K+ absorption mechanism of the root. (Haby et al., 1990).
According to (Danke and Olson, 1990), “interpretation and making
recommendations from the specific soil test value is the final step after calibration and
correlation procedures. In addition to being a qualified soil chemist, the individual
making the interpretation should be thoroughly acquainted with the crops and soils of the
region for fine tuning the recommendation. In short, the person making the
recommendation must be well versed in agronomic principles associated with crop
production.”
Agronomy of Corn and Soybeans
“Corn is a staple of American agriculture. In recent years the incentive to grow
corn has increased dramatically. Corn has always had high nutrient demands and already
puts a great strain on soil and fertilizer nutrient sources. Large quantities of the macroelements (N, P, K, Ca, Mg, and S) are removed with the grain and Stover. Trace elements
are also removed and must be replaced.” (Zibilske, 2012). While most corn varieties are
grown for fodder and fuel in the United States, Malawi grows most of the corn varieties
for human consumption. According to (Zibilske, 2012), corn grows rapidly and careful
planning for nutrition must be done to prevent nutrient deficiencies. Soil testing is
necessary to ensure that adequate amounts of nutrients are present in the soil to provide
complete nutrition during the critical stages of corn development. Soil testing and
fertilization can be done ahead of planting, but if liming is to be done, that’s best done in
the fall before a spring planting.
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Nitrogen is the element which is important for optimum corn production. (Beegle
et al., 2013). Although such is the case, corn also requires that K be in proper balance for
such functions as photosynthetic transfer of radiant energy through production of
Adenosine tri-phosphate (ATP) which carries energy for metabolic processes, water
relations, charge balance, and osmotic pressure regulation in plant cells. (Havlin et al.,
2005). (Barber, 1984) and associates, as quoted by (Haby et al., 1990) developed models
to predict K+ uptake by corn and soybean [Glycine max (L.) Merr.]. They suggested that
root morphology and rate of growth contribute most strongly to total K uptake followed
by factors that control K+ flux in the soil.
“The soybean or soya bean is a species of legume native to East Asia, widely
grown for its edible bean which has numerous uses. The plant is classed as an oilseed
rather than a pulse by the United Nations Food and Agricultural Organization. (Aquastat,
2006). According to the National Soybean research laboratory in Illinois, USA, “Soybean
is a hardy plant and well adapted to a variety of soils and soil conditions.” Producing the
best quality and maximum yielding crop will however, require top quality soil.
“Soybean appear to have become a fairly well established crop in Malawi as well
as other African countries over the past 20 years, among large scale and smallholder
farming communities. Most of the soybean crop, particularly on large farms, are managed
as a monoculture, planted in sequence after maize, or perhaps maize and groundnuts, and
some of it intercropped with the other crops.” (Tinsley, 2009). Tinsley, records a
substantial increase in demand for soybean in Malawi for the past years mainly for
processing into confined animal feed and direct human consumption.
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Justification
Within the overall soil environment cited in the literature review of this paper, this
study therefore aimed to enhance the soil testing efforts and necessitates them. In
particular, this research study is important because it determined the critical soil test level
of Potassium at the two designated soil moisture levels of -3 and -1/3 bars, and hence the
optimum application rate of K fertilizer for corn and soybeans on the soils studied.
The study will also enhance the effectiveness of K management on corn and
soybean production, and maintain a desirable moisture content at which plants are able to
effectively utilize the available K in soil on irrigated fields in Malawi.
Objectives
The main objective of this project was to determine the critical soil test values of
Mehlich 3 K for corn and soybean at -1/3 and -3 bar soil moisture levels.
Specifically the project,


Analyzed the soil samples for particle size distribution, pH, % Carbon, %
OM % Nitrate, % Sulfur, P, K, Calcium, Magnesium, Copper, Iron, and
then total CEC calculated.



Determined the point of maximum response of K-fertilizer in the soil at
the two designated moisture levels of -1/3 and -3 bars.



Determined the corresponding percentage yield values of corn and
soybeans from the three soils at the critical K soil test level.



Derived linear relationships between corn, soybean percentage yield and
the amount of K nutrient extracted by the soil test, and fertilizer rates at
the two designated soil moisture levels.
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Null hypotheses
1. The critical soil test value of K for either corn or soybeans is equal at -3
bars and -1/3 bar soil moisture levels.
2. There is no correlation between the amount of K extracted by the soil test
and the amount of K which corn and soybeans are able to utilize during
the growing period at either -3 bars or -1/3 bar soil moisture levels.
3. There is no correlation between percentage yield of corn and soybean and
the increasing K fertilizer application rates during the growing period.
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CHAPTER II
MATERIALS AND METHODS

Soil preparation
Soil samples from three different fields were collected around Chitedze
Agricultural Research Station in Lilongwe, Malawi. The samples were air dried and
sieved in a 2-mm sieve to remove any plant residue and stones
Soil particle size distribution was determined using the hydrometer procedure as
prescribed in the working manual for Chitedze, Bvumbwe, and Lunyangwa research
stations for soils laboratories. (Chilimba A. D. C., 2007). Soil samples were then
analyzed for pH (on 2.5:1 of 1M Calcium Chloride to soil suspension), according to
procedure followed at the Lilongwe Agricultural Research and Extension Trust soil
chemistry laboratory. (Chilimba A. D. C., 2007).
Extractable P, K, Calcium, Magnesium, Copper, Iron was extracted by the
Mehlich-3 method and determined by atomic absorption spectroscopy at 766.2 nm
wavelength. (Chilimba et al., 1999)Total Carbon was determined using the Walkley
Black Method according to procedure followed at Chitedze Agricultural Research
Station. (Chilimba A. D. C., 2007) Nitrate was extracted with 2M KCl and determined
using a spectrophotometer at a wavelength of 210 for absorbance. (Robert Miller and
Leticia Sonon, 1999)
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Soil moisture content was established using a pressure plate set at -1/3 and -3 bar
pressures according to procedure by the World Agroforestry Centre. (World Agroforestry
Centre, 2010)
Four K treatments (0, 39, 78, and 157 kilograms per hectare) were added to each
soil and mixed thoroughly. These rates were converted to 0-gram, 0.07 grams, 0.14
grams, and 0.3 grams of fertilizer per pot, respectively. Deionized water was added to the
soils to reach water contents equal to those at -1/3 bar and -3 bars moisture levels. The
treatments were then allowed to equilibrate in the dark for a period of one week. At this
point, soil K was also determined with the Mehlich 3 extractant.
Green house study
Grey plastic pots (3 L) were lined with plastic paper to reduce leaching losses and
the soil treatments were added to each pot volumetrically. 2. 5 Kg of soil was added to
each pot.
Corn and soybean seeds were germinated at 25˚C in sand trays prior to planting.
The corn seed used was a hybrid seed called DKC 8033. It is a DEKALB® brand from
MONSANTO. The soybean was also a hybrid called PAN 1867 from PANNAR Seed
Company. Nine days after emergence, two plants (with seeds removed) were transplanted
into each treatment and the pots covered with sealing wrap to reduce evaporation losses.
Pots were weighed and the initial weight recorded.
Plants were grown in a greenhouse for a period of 21 days after transplanting.
Treatments were arranged in a randomized complete block design with three replications.
Pots were re-weighed daily, and the appropriate moisture content was maintained
by watering the weight difference. The pots were also re-randomized daily within blocks.
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Plant height was randomly measured each week. After 21 days of growth
observation, plants were harvested at soil level and weighed. Shoots were then dried in an
oven set at 80˚C for a period of 48 hours.
Plant tissue analysis and calculations
After drying and weighing, shoot dry weights were measured and recorded as an
indicator of yield and expressed as percent relative yield.
Shoot tissue K was determined in the laboratory using a high temperature thermal
oxidation procedure (Johannes and Akio, 2001). Shoot tissues were dry-ashed at 500oC
for 4-8 hours. After dry-ashing, a concentrated nitric and perchloric acid mixture was
used to dissolve the ash and 1-ml of the digestion was pipetted and mixed with 2-ml
strontium chloride solution and brought to 50-ml volume using distilled water. This
solution was passed on a flame photometer to determine tissue K. Shoot tissue K was
then related to soil moisture contents to determine if plant uptake is significantly affected
by soil water.
Statistical data analysis methods
Soil test critical values were determined using the Cate-Nelson graphical method
in R-project statistical software. The soil test values (x-values) and percentage yield (yvalues) data were imputed in R-project software command line to run the analysis,
produce the relevant plots, and display the resultant statistics. The data are divided so that
they fall into four quadrants, (indicated with Roman numerals):


Points in Quadrant IV are data with x values below the critical-x value,
and y values below the critical-y value.
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Those in Quadrant II are data with x values above the critical-x and
y values above the critical-y.



The analysis finds the lines that best divide the data to maximize the data
falling into Quadrants II and IV.



Points in Quadrants I and III are data that do not follow the predictive
model represented by the points in the other two quadrants.

Linear regression statistical models generated in SAS were used to establish a
relationship between soil test K and plant tissue K, percentage yield and fertilizer rates, at
the two moisture levels.
Soil test calibration was done using the Cate-Nelson analysis of variance method
(ANOVM) to split the data into appropriate categories. Three replications were used for
all treatments.
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CHAPTER III
RESULTS AND DISCUSSION

Soil physical and chemical properties of the soil
The three soils used in the study were designated with S1 (for soil 1), S2 (for soil
2) and S3 (for soil 3). S1 had the highest clay content and S3 had the lowest clay content
(Table 3.1). S1 had the silty clay loam texture. S2 and S3 had the silty loam texture. At
both -3 and -1/3 pressure bars, S1 had the highest water retention, while S3 had the least
(Table 3.2). The calculated water contents (geotechnical) for S1, S2, and S3 were 9.6%,
18.3%, and 15% respectively at -3-bars moisture level. At -1/3 bars moisture level, the
water contents were calculated as 18%, 27%, and 29% for S1, S2, and S3 respectively.
All the three soils are acidic (pH ≈ 4). S2 had the highest organic carbon and
organic matter content as compared to the other two soils. However, S1 had the highest
initial K. The calculated CEC for S1, S2, and S3 were 7.17, 7.38, and 8.08 respectively.
(Table 3.3).
Table 3.1
Soil
sample
S1
S2
S3

Particle size distribution of the soil samples
%Clay

%Silt

27
19
13

6
8
12

Textural
Class
SCL
SL
SL
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Table 3.2
Soil sample
S1
S2
S3

Table 3.3
Soil
sample
S1
S2
S3

pH
4.5
4.2
4.3

Pressure plate soil moisture determination results
Moisture at -3 Moisture
at
pressure bars
pressure bar
2.86
7.86
12.77
27.77
14.41
29.41

-1/3

Elemental analysis of the soil samples prior to planting
%
OC
0.6
1.35
1.32

%
OM
1.03
2.33
2.28

%N

%S

0.1
0.1
0.1

0
0
0

P
(µg/g)
44.14
24.18
30.63

K
(cmolc/Kg)
0.51
0.38
0.48

Calcium
(cmolc/Kg)
3.9
6.17
8.81

Magnesium
(cmolc/Kg)
1.28
0.98
1.46

Copper
(µg/g)
1.67
2.03
2.23

Iron
(µg/g)
163.4
185.07
159.34

Determination of K critical values for corn
Yield percentages of corn were plotted against soil K test values to determine K
critical values at each soil moisture level using the Cate-Nelson graphical procedure. At 3 bar soil moisture level, the Cate-Nelson graphical analysis determined the critical K
value for corn to be 0.28 cmolc/kg. The corresponding percentage yield value at this soil
K critical level was 65% (Figure 3.1). This means that at -3 bar soil moisture level, soils
with soil test K above 0.28-cmolc/kg will not have a response to any additional K, while
those soils testing K below 0.28 cmolc/kg will likely have a response to any K added. At
this soil moisture level therefore, increasing corn yield above 65% might not necessarily
require the grower to increase K application to the soil. There is need to check for other
factors in the soil that have a likely effect on K uptake and eventually limit economic
yield of the crop. The likely factors could be the level of other nutrients in the soil, soil
pH, or probably soil moisture level. In regard to Justus Von Liebig’s law of minimum,
plants require supply of nutrients to be in balance in the soil solution and on the soil
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matrix. (Cox, 2014). Nutrient imbalances in the soil will likely affect yield, quality, and
productivity of the plant in a negative way. In the case of K, other elements like Ca and
Mg have an antagonistic relationship with it thereby limiting its availability to plants.
Excess Ca and Mg in the soil causes K imbalance resulting in poor yield and quality
(Lancrop Laboratories, 2011). Calcium and Magnesuium were found in much higher
amounts than K in the soil used for this study suggesting that they could potentially limit
K uptake (Table 3.3). In case of soil moisture, changing the amount of irrigation in order
to alter the soil moisture regime will aid in effective K uptake by plant roots. At -3 bars,
the soil is impending wilting point meaning that the amount of moisture in the soil is
nearing depletion. This can affect the rate of K+ diffusing to plant roots. Low moisture in
the soil has a negative effect on K uptake by plants in that it causes a tortuous path for K+
to diffuse, making it longer for K to get to the roots. Adjusting irrigation in order to
increase amount of water in soil will enhance K+ movement to the roots by diffusion, and
eventually increase the economic yield of the crop.
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Figure 3.1

Cate-Nelson plot for corn at -3 bars soil moisture level

At -1/3 bar soil moisture level, the Cate-Nelson graphical procedure estimated the
K critical value of corn to be 0.25 cmolc/kg. It follows consequently that all soils testing
K below the critical value of 0.25-cmolc/kg at -1/3 bar soil moisture level will likely have
a response to additional K. Alternatively, those soils with K above the 0.25 cmolc/kg
critical level at the same soil moisture level, will not have a likely response to any
additional K to the soil. The corresponding percentage yield value of corn at 0.25
cmolc/kg K critical level was found to be 78% (Figure 3.2). The percentage yield value at
-1/3 bar soil moisture level was slightly higher than the one at -3 bars soil moisture level
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although at -1/3 bars soil moisture level, the K critical soil test value is smaller. The slight
increase in percentage yield of corn at -1/3 bars soil moisture level could be attributed to
increased moisture level in the soil since at this suction level the soil moisture is
approaching field capacity. This could be that the increased soil moisture level enhanced
K+ diffusion to the roots for easy uptake by corn plants. Raising percentage yield of corn
from 78% at this point therefore, will not necessarily depend on increasing K application
rate to the soil or adjusting the moisture level in the soil. Other factors that affect yield or
K uptake will also have to come into play, and checked appropriately. The pH of the soils
used in this study (Table 3.3), tended to be around 4 which is considered low for corn
growth. At low pH, K+ tends to have more competition with other cations for CEC sites
on the soil matrix. (Cox, 2014). This means that if pH was an issue in this case, less
exchangeable K was available in soil solution for corn roots to absorb. The other issue
could be that of the level of other elements previously discussed which have an
antagonistic relationship with K. Amount of organic matter could also play a part,
because ample organic matter in the soil raises CEC of the soil. If for instance, the
organic matter content of the soils used in this study was not adequate, obviously some
K+ was fixed on the soil matrix and therefore not available in the soil solution to be
readily absorbed by corn roots.
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Figure 3.2

Cate-Nelson plot for corn at -1/3 bar soil moisture level

K critical values for soybean
Percentage yield values of soybean were plotted against soil K test values at -3
bars soil moisture level, using the Cate-Nelson graphical procedure. The Cate-Nelson
analysis determined the K critical soil test value for soybean to be 0.24 cmolc/kg. The
corresponding percentage yield value of soybeans at this critical level, was found to be 91
%. (Figure 3.3). This means that any soil testing above 0.24 cmolc/kg critical value will
have very little or no corresponding percentage yield increment for any additional K to
the soil while, soils testing below 0.24 cmolc/kg at -3 bars soil moisture level will likely
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have a corresponding increment in percentage yield soybeans after any K addition to the
soil.

Figure 3.3

Cate-Nelson plot for soybean at -3 bars soil moisture level

At -1/3 bar soil moisture level, the Cate-Nelson analysis determined the soil K test
value of soybeans to be 0.29 cmolc/kg with a corresponding percentage yield of 87 %.
(Figure 3.4). Consequently, it follows that at -1/3 bar soil moisture level any soil testing
K above the 0.29 cmolc/kg critical level will have little or no corresponding yield increase
in soybean upon K application to the soil. In contrast, those soils testing below the 0.29
26

cmolc/kg critical value at -1/3 bar soil moisture level will likely have a corresponding
yield increment after any K addition to the soil. There is a difference in K critical soil test
values of soybean at the two designated soil moisture levels. The drier (-3 bars soil
moisture level) soil’s critical K value is higher as compared to the moist (-1/3 bar soil
moisture level) soil’s critical K value. The corresponding percentage yield of soybean
from the drier soil also tend to be higher (91%) than the corresponding yield value from
the moist soil (87%) (See Figure 3.3 and Figure 3.4 respectively). In order to increase the
percentage yield of soybean above 91% and 87% values will also not necessarily entail
increasing K application to the soil as previously discussed. In this case also, there is
need to check for other factors that can limit yield like soil moisture level, if it is in
tandem with the ideal according to soybean’s crop water requirement. Other elements in
the soil, soil pH, or organic matter content and adjust them accordingly, as earlier
discussed under corn section.

27

Figure 3.4

Cate-Nelson plot for soybean at -1/3 bar soil moisture level

Soil test K correlation with plant tissue K at the two soil moisture levels
Corn and soybean tissue K data and soil test K values were analyzed for variance
in SAS to find out if there was a relationship. Plant tissue K values were then plotted
against soil test K values to see the correlation that exists among them. The study
predicted that there was no significant difference between soil test K and plant tissue K at
the two soil moisture levels. The data obtained at -3 bars soil moisture level were plotted
separately from the data obtained at -1/3 bar soil moisture level, to find out at which
moisture level the two variables correlates better.
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Soil test K with corn tissue K at -3 bars soil moisture level
Corn tissue K values were plotted against soil test K values obtained at -3 bars
soil moisture level. The data were also analyzed for variance at 5% significance level.
The scatter plot (Figure 3.5) showed that there was a positive correlation between soil test
K and corn tissue K. The linear model fitted across the plot showed that at -3 bars soil
moisture level, corn had some response to increasing soil K. The generated correlation
model is represented by the equation Y = 11.946x + 4.5458.The graphs suggest that there
was a relationship between corn tissue K and soil K but the P value showed that the
relationship was not significant. The ANOVA (Table 3.4) output also showed that there
was no correlation between soil test K and corn tissue K. The relatively high P>F (>0.05)
says that there was no correlation between corn tissue K and soil K, therefore the data is
consistent with the null hypothesis.
Table 3.4
Source

ANOVA for soil test K and corn tissue K at -3 bars moisture level
DF

Model
Error
Corrected
Total
Root MSE
Dependent
Mean
Coefficient
of
Variation
Variable
Intercept
Soil K

1
10
11
5.71
8.93
64.02

DF
1
1

Sum
of
Squares
50.47
326.53
377
R-Square
Adjusted
R-Square

Parameter
Estimate
4.54581
11.94552

Mean
Square
50.47
32.65

F
Value
1.55

Pr > F

t Value

Pr > |t|

1.17
1.24

0.2697
0.2422

0.2422

0.1339
0.0473

Standard
Error
3.89023
9.60867
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Figure 3.5

Correlation of corn tissue K with soil test K at -3 bars soil moisture level

Soil test K with corn tissue K at -1/3 bar soil moisture level
Plotting corn tissue K values against soil test K values at -1/3 bar soil moisture
level showed an apparent relationship between corn tissue K and soil test K (Figure 3.6).
Fitting a linear model across the plot showed a relationship represented by the equation Y
= 6.8282x + 4.9794. The model showed that a unit change in soil test K caused plant
tissue K to change by almost seven units. However, there was high variability in the
change of corn tissue K as soil test K increases. The linear model was able to explain
only about 10% (R2 = 0.1195) of this variability. The data were also analyzed for
variance at 0.05 level of significance. The ANOVA output (Table 3.5) revealed that the
data observed was consistent (Pr > F = 0.271) with the null hypothesis, hence there was
no significant relationship at 0.05.
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Table 3.5

ANOVA for soil test K and corn tissue K at -1/3 bar moisture level

Source

DF

Model
Error
Corrected
Total
Root MSE
Dependent
Mean
Coefficient
Variation
Variable

1
10
11

Intercept
Soil K

Figure 3.6

Sum of
Squares
10.09
74.34
84.43

2.73
7.34
of

37.1

DF
1
1

Mean
Square
10.09
7.43

R-Square
Adjusted RSquare

Parameter
Estimate
4.9798
6.8282

F
Value
1.36

Pr > F
0.271

0.1195
0.0315

Standard
Error
2.1741
5.8600

t Value

Pr > |t|

2.29
1.17

0.045
0.271

Correlation of corn tissue K with soil test K at -1/3 bar soil moisture level
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Soil test K with soybean tissue K at -3 bars soil moisture level
Soybean tissue K values were plotted against soil K test values at -3 bars soil
moisture level. The plot showed that there was a significant negative correlation between
soil test K and soybean tissue K at -3 bars soil moisture level (Figure 3.7). According to
the linear model Y = -4.953x + 6.798 fitted across the plot, a unit change in soil test K
caused a decrease in soybean tissue K by almost five units. The correlation was rather
weak, but the model shows that there was some response in soybean tissue K from
changing soil test K. The ANOVA (Table 3.6) showed that the relationship between soil
test K and soybean tissue K was significant (Pr > F = 0.0465) at 5% level of significance.
Thus, the data is not consistent with the null hypothesis.
Table 3.6

ANOVA for soil test K and soybean tissue K at -3-bars moisture level

Source

DF

Sum of
Squares

Mean
Square

F Value

Pr > F

Model

1

8.67

8.67

5.16

0.0465

Error

10

16.82

1.68

Corrected
Total

11

25.49

Root MSE

1.30

R-Square

Dependent Mean

4.98

Adjusted
Square

Coefficient
Variation

of

0.3402
R-

0.2742

26.03

Variable

DF

Parameter
Estimate

Standard
Error

t Value

Pr > |t|

Intercept

1

6.7980

0.8829

7.7

<.0001

Soil K

1

-4.9513

2.1807

-2.27

0.0465
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Figure 3.7

Correlation of soy tissue K with soil test K at -3 bars soil moisture level

Soil test K with soybean tissue K at -1/3 bar soil moisture level
Soybean tissue K values were plotted against soil test K values obtained at -1/3
bar soil moisture level. Fitting a linear model across the plot (Figure 3.8) showed that a
relationship existed between soil test K and soybean tissue K. there was some response in
soybean tissue K from soil test K at -1/3 bar soil moisture level. The linear model
generated the relationship equation Y = 3. 0027x + 3.0566. According to the equation, a
unit change in soil test K caused a change in soybean tissue K by three units. Again, the
model does not explain a lot (R2 = 0.09) of the soybean tissue K response variability that
was there. The data were also analyzed for variance at 5% level of significance. The
ANOVA output (Table 3.7) also showed that the change in soil K test values at -1/3 bar is
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not related to the change in soy tissue K. It showed that the data observed required
acceptance of the null hypothesis (Pr > F = 0.3342) hence, there was no evidence against
the null hypothesis at 5% significance level.
Table 3.7

ANOVA for soil test K and soybean tissue K at -1/3 bar moisture level

Source

DF

Model
Error
Corrected
Total
Root MSE
Dependent
Mean
Variable

1
10
11

Intercept
Soil K

1
1

Figure 3.8

Sum of
Squares
2.04
19.78
21.82

Mean
Square
2.04
1.98

F
Value
1.03

Pr > F
0.3342

R-Square
0.0933
Adjusted
0.0027
R-Square
Parameter
Standard t Value
Estimate
Error
2.9893
1.12141
2.67
3.06709
3.02267
1.01

1.406
4.05
DF

Pr > |t|
0.0237
0.3342

Correlation of soy tissue K with soil test K at -1/3 bar soil moisture level
34

Crop response to different K fertilizer application rates
The study hypothesized there was no significant difference between percentage
yield values of corn and soybeans and increasing K fertilizer application rates at both -3
bars and -1/3 bar soil moisture levels.
Corn response at -3 bars soil moisture level
The four rates of K fertilizer (0, 0.07, 0.14, and 0.3 grams per pot) and the
corresponding percentage yield of corn obtained at -3 bars soil moisture level were
statistically analyzed for variance in SAS at 0.05 level of significance. A regression
analysis output (Table 3.8) indicated that the observed data were consistent enough not to
reject the null hypothesis (Pr > F = 0.075) at 5 % level of significance. Thus, at -3 bars
soil moisture level, percentage yield of corn responded to K fertilizer application rate.
Table 3.8

ANOVA for fertilizer rate and percentage yield of corn at -3 bars soil
moisture level

Source

DF

Sum
of
Squares

Mean
Square

F Value

Pr > F

Model

3

1345.27

448.42

3.38

0.075

Error

8

1062.52

132.82

Corrected
Total

11

2407.80

R-Square

Coefficient
Variation

0.56

13.95

of

Root MSE

Percentage yield Mean

11.52

82.60

Source

DF

Anova SS

Mean Square

F Value

Pr > F

Fertilizer rate

3

1345.27

448.42

3.38

0.075
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Corn response at -1/3 bar soil moisture level
At -1/3 bar soil moisture level also, corn percentage yield and K fertilizer
application rate data were analyzed for variance. Again, there was no evidence to reject
the null hypothesis at 0.05 significance level. The analysis of variance output (Table 3.9)
showed that the observed data were consistent (Pr > F = 0.9017) with the null hypothesis
at 0.05 level of significance. However at this soil moisture level, the regression model
explains very little (R2 = 0.07) of the differences in change of the percentage yield of
corn against the differences in the change of K fertilizer application rate.
Table 3.9
Variable

ANOVA for K fertilizer application rate and percentage yield of corn at -1/3
bar soil moisture level
DF

Parameter
Estimate

Standard Error

t Value

Pr > |t|

Intercept

1

4.54581

3.89023

1.17

0.2697

Soil K

1

11.94552

9.60867

1.24

0.2422

Source

DF

Sum of
Squares

Mean Square

Model

3

73.13

24.38

Error

8

1038.17

129.77

Corrected
Total
R-Square

11

1111.31
Root MSE

0.07

Coefficient of
Variation
12.4

Source

DF

Anova SS

Fertilizer rate

3

11.39

F Value
0.19

Pr > F
0.9017

Percentage
yield Mean
91.87
Mean Square

73.13

24.38

F Value
0.19

Pr > F
0.9017

Soybean at -3 bars soil moisture
Percentage yield values of soybean and K fertilizer application rates at -3 bars soil
moisture level, were also analyzed for variance in SAS at 0.05 level of significance. The
regression analysis output (Table 3.10), indicated that the observed data at this soil
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moisture level were in line (Pr > F = 0.968) with the null hypothesis at 5 % level of
significance. There was no evidence against the null hypothesis. This therefore means
that at -3 bars soil moisture level, as K fertilizer application rate was increasing, the
corresponding percentage yield of soybean was not changing. The difference in
percentage yield of soybean against the change in K fertilizer application rates was highly
variable at -3 bars soil moisture level. The regression model explains very little (R2 =
0.03) of these differences.
Table 3.10

ANOVA for fertilizer application rate and percentage yield of soybean at -3
bars soil moisture level

Source

DF

Sum of
Squares

Mean Square

Model

3

33.18

11.06

Error

8

1081

135.13

11

1114.18

Coefficient
of
Variation
12.85

Root MSE

DF

Anova SS

Corrected Total
R-Square
0.03
Source
Fertilizer rate

3

F Value

Pr > F

0.08

0.968

F Value

Pr > F

Percentage
yield Mean

11.62

90.47
Mean Square

33.18

11.06

0.08

0.968

Soybeans at -1/3 bar soil moisture
The regression analysis output (Table 3.11) for K fertilizer application rate and
the corresponding percentage yield of soybeans at -1/3 bar soil moisture level, showed
that the observed data were not significant (Pr > F = 0.5952) at 0.05 level of significance.
There was no evidence against the null hypothesis. This also means that at -1/3 bar soil
moisture level, soybean was not responding to changing K fertilizer application rate.
However, the difference in change of soybean percentage yield was highly variable. The
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regression model that was generated, was able to explain about 20 % (R2 = 0.20) of this
variability in the percentage yield of soybeans at -1/3 bar soil moisture level.
Table 3.11

ANOVA for K fertilizer rate and percentage yield of soybeans at -1/3 bar
soil moisture level

Source

DF

Sum of Squares

Mean
Square

F Value

Pr > F

Model

3

252.57

84.19

0.67

0.5952

Error

8

1008.78

126.10

Corrected
Total

11

1261.36

R-Square

Coefficient
Variation

0.20

12.54

Source

DF

Anova
SS

Mean
Square

F Value

Pr > F

Fertilizer
rate

3

252.57

84.19

0.67

0.5952

of

Root
MSE

Percentage yield Mean

11.23

89.58

K correlation with percentage yield at the two soil moisture levels
Percentage yield values of corn and soybeans were plotted against soil test K
values at -3 bars and -1/3 bar soil moisture levels to find out if there was some correlation
to aid in calibration. Corn and soybean data were plotted separately at each of the soil
moisture regimes.
Calibration for corn at -3 bars soil moisture level
Plotting corn percentage yield values against soil test K values showed that there
was a small response in percentage yield of corn from changing soil test K. The probable
reason for the small response in this case was that the soil that was used in this study, had
high initial K amount (see Table 3.3). Such being the case, adding more K to this soil
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could not have had a major response. The linear model fitting this relationship was
represented by the model Y = 35.33x +70.969 (Figure 3.9).

Figure 3.9

K correlation with corn yield at -3 bars soil moisture level

Calibration for corn at -1/3 bar soil moisture level
Corn percentage yield values were also plotted against soil test K values at -1/3
bar soil moisture level. The result of the plot is presented below (Figure 3.10) with the
linear model Y = 42.468x + 77.181. The scatter plot showed little correlation between soil
test K value and percentage yield of corn at -1/3 bar soil moisture level. This could be for
the same reason that the initial K in the soils used in this study was high, attributing to the
small response from adjusting soil test K in the soil.
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Figure 3.10

K correlation with corn yield at -1/3 bar soil moisture level

Calibration for soybeans at -3 bars soil moisture level
Plotting soybean percentage yield values against soil test K values showed that
there was some response in soybean percentage yield from changing soil test K. (Figure
3.11). The linear model fitting across the plot was represented with the equation Y = 11.525x +94.697. This though revealed that there was a negative correlation between soil
test K and percentage yield of soybeans at -3 bars soil moisture level. The deflection
point was estimated at around 0.4 cmolc/kg. The drop in response is probably due to the
high level of K in the soil, as such adding more K at this soil moisture level caused a
decrease in soybean yield. This means that the sufficiency level of K was reached and
any additional was probably approaching toxic levels, hence the drop in percentage yield.
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Figure 3.11

K correlation with soybean yield at -3 bars soil moisture level

Calibration for soybeans at -1/3 bar soil moisture level
Soybean percentage yield values were plotted against soil test K values at -1/3 bar
soil moisture level. The result revealed that there was some correlation between soil test
K and the corresponding percentage yield of soybeans (Figure 3.12). The linear
relationship was represented with the model Y = 4.9863x + 87.851. However, the
relationship was not very significant.
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Figure 3.12

K correlation with soybean yield at -1/3 bar soil moisture level

The correlation graphs (Figures 3.9, 3.10,3.11, and 3.12) showed that at both soil
moisture regimes, there was some relationship between soil test k values and the
corresponding percentage yield values of corn and soybeans. The correlation was either
negative, as was the case with soybeans at -3 bars soil moisture level (Figure 3.11) or
very weak as was the case with soybeans at -1/3 bars and corn at -3 bars soil moisture
levels.

42

CHAPTER IV
CONCLUSION

K critical value of corn at -3 bars soil moisture level was not equal to K critical
value of corn at -1/3 bar soil moisture level. Likewise, K critical value of soybeans at -3
bars and K critical value of soybean at -1/3 bar soil moisture levels were not the same. At
-3 bars soil moisture level, the K critical value of corn was higher than that at -1/3 bar
soil moisture level but, the corresponding percentage yield value was higher at -1/3 bar
soil moisture level. K critical value of soybeans at -3 bars soil moisture level was lower
than the K critical value at -1/3 bar soil moisture level. The corresponding percentage
yield value of soybean was however higher at -3 bars soil moisture level.
There was no significant relationship between corn tissue K and soil K at both -3
bars and -1/3 bars soil moisture levels. No significant relationship also existed between
soy tissue K and soil test K at -1/3 bar soil moisture level. Consequently, the observed
data were consistent with the null hypothesis However, at -3 bars soil moisture level, soil
test K had a significant negative relationship with soil test K depicting that the observed
data were not consistent with the null hypothesis.
Corn and soybean responded to increasing K fertilizer application rates at both -3bars and corn at -1/3-bars soil moisture levels. The response however, was not very
significant in most cases. At -3 bars soil moisture level, the percentage yield of soybean
was changing at a decreasing rate.
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The insignificant response in this case was likely attributed to the high initial K
amount present in the soils used in the study, as such additional K to the soil had small or
negative response in corn and soybean.
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CHAPTER V
RECOMMENDATIONS

K calibrations are needed for corn and soybean on different soils in Malawi under
different soil moisture levels for efficient K fertilizer application. K calibration at
different soil moisture regimes will also assist in good water management under irrigated
farming. This is because irrigation to crops will be controlled to be in tandem with the
ideal soil moisture at which K is efficiently utilized by the crop.
It is required that K calibration studies such as these be replicated, especially at
farmer field level, in various areas, and on different soils in Malawi. The outcomes from
such studies will assist in establishing proper K fertilizer recommendations for corn,
soybeans, and other crops to farmers. This in turn will help to reduce the cost of
production and maximizing economic return instead. These calibration results however,
will have to be published and be readily available in various agricultural institutions for
farmers’ easy access.
Furthermore, studies to investigate the other factors that were deemed to limit
corn and soybean percentage yield to reach the maximum in this study, have to be
conducted and also establish relevant recommendations to farmers.
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APPENDIX A
SOIL PHYSICAL LABORATORY ANALYSES AND PREPARATION OF
TREATMENTS
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Determination of amount of water to irrigate
Table A.1

Pressure plate analytical results for soil samples at -3 bars

Wt. of
tin (g)
S1
S2
S3

Wt. of
Wt. of
tin +
soil (g)
wet soil
(g)
6.05
38.36
32.31
3.72
41.83
38.11
8.09
41.09
33

Wt. of
Wt. of
WP
tin +
OD soil
OD soil (g)
(g)
35.53
29.48
7.37
35.91
32.21
8.39
36.57
28.64
10.61

Calculation of quantity of water to wet the soil to reach moisture at -3 bars
Soil 1 at -3 bars moisture level
Mass of wet soil = 32.31 g
Mass of dry soil = 29.48 g
Water content (geotechnical) = (Mass of wet soil – Mass of dry soil)/Mass
of dry soil x100
= (32.31 g - 29.48 g) / 29.48 g x 100
= 9.6 %
2.5 kg of soil was used per pot. Taking 9.6% of this gave me 240 milliliters
of water. (Using the conversion: 1 liter = 1 kg).
Soil 2 at -3 bars moisture level
Mass of wet soil = 38.11 g
Mass of dry soil = 32.21 g
Water content (geotechnical) = (Mass of wet soil – Mass of dry soil)/Mass
of dry soil x100
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= (38.11 g - 32.21 g) / 32.21 g x 100
= 18.3 %
This gives ≈ 460 milliliters of water.
Soil 3 at -3 bars moisture level
Mass of wet soil = 33 g
Mass of dry soil = 28.64 g
Water content (geotechnical) = (Mass of wet soil – Mass of dry soil)/Mass
of dry soil x100
= (33 g - 28.64 g) / 28.64 g x 100
= 15%
This gave 375 milliliters of water.
Pressure plate at -1/3 bar analytical results

Table A.2
Wt.
of tin
(g)

Wt. of
Wt. of
tin+wet soil (g)
soil (g)

Wt. of
tin+OD
soil (g)

S1

10

38

28

Wt. of Wt. of
FC
OD
moisture
soil
(g)
(g)
33
23
5
7.37

S2

7

43

36

33

26

10

8.39

S3

5

39

34

29

24

10

10.61

Calculation of quantity of water to wet the soil to reach moisture at -1/3 bar
Soil 1 at -1/3 bar moisture level
Weight of moisture = 5 g
Weight of wet soil = 28 g
Water content %

= (Weight of moisture/Weight of wet soil) x 100
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= (5 g / 28 g) x 100
= 18 %
This gave 450 milliliters of water.
Soil 2 at -1/3 bars moisture level
Weight of moisture = 10 g
Weight of wet soil = 36 g
Water content %

= (Weight of moisture/Weight of wet soil) x 100
= (10 g / 36 g) x 100
= 27 %

This gave 675 milliliters of water.
Soil 3 at -1/3 bars moisture level
Weight of moisture = 10 g
Weight of wet soil = 34 g
Water content %

= (Weight of moisture / Weight of wet soil) x 100
= (10 g / 34 g) x 100
= 29 %

This gave 725 milliliters of water.
Determination of quantity of fertilizer to apply per pot
The fertilizer application rates 0, 35, 70, and 140 lbs/acre were converted to
metric units. Thereafter the quantities were reduced to reach amount of fertilizer to apply
per pot (2.5 Kg of soil per pot). The fertilizer that was used was Murriate of Potash with a
K2O analysis of 62%.
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To supply 35 lbs/acre in a pot with 2.5 Kg of soil
1 lb = 0.453 Kg
35 lbs = ?
? = 0.453 x 35 (by simple proportion)
? = 15. 855 Kg
1 lb/acre = 1.121 kg/ha (conversion)
35 lbs/acre = ?
?

= 35 x 1.121
= 39.235 kg/ha

So fertilizer with 62% K2O will give (39.235 / 62) x 100 = 63.28 kg of
fertilizer per hectare
1 hectare has ≈ 2,200 000 kg of soil
So if 2,200 000 kg of soil will need 63.28 kg of fertilizer
2.5 kg will need: (2.5 x 63.28 / 2,200 000) x 1000 g
= 0.07 grams of fertilizer
To supply 70 lbs/acre: 0.14 grams of fertilizer was used.
To supply 140 lbs/ acre: 0.3 grams of fertilizer was used.
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APPENDIX B
GROWTH PARAMETERS MEASURED DURING THE STUDY
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Average corn height, weight, and the calculated yield percentages

Table B.1

Corn at -3 bars soil moisture level
Avg. Ht. (cm)

Avg. FW (g)

S1

S2

0

13.8

21.10

10.4

9.33

0.07

14.4

16.83

12.6

12.33

0.14

16.6

18.17

11.00

13.33

0.3

13.8

18.00

12.50

7.00

Fert.
Rate
(g/pot)

Table B.2

S3

S1

S2

Avg. DW (g)

Yield %

S3

S1

S2

S3

S1

S2

S3

8.33

5.33

1.09

1.06

0.76

62.64

60.57

71.03

14.33

8.00

1.18

1.51

1.07

67.82

86.29

100.00

14.33

6.00

1.74

1.57

0.90

100.00

89.71

84.11

17.00

5.33

1.64

1.75

0.80

94.25

100.00

74.77

Corn at -1/3 bar soil moisture level
Avg. Ht. (cm)

Avg. FW (g)

Avg. DW (g)

Yield %

S1

S2

S3

S1

S2

S3

S1

S2

S3

0

17.17

13.00

11.83

14.67

5.00

5.33

1.57

0.59

0.74

96.91

95.16

72.55

0.07

17.50

14.20

11.77

14.67

5.33

5.33

1.62

0.62

0.76

100.00

100.00

74.51

0.14

18.80

12.90

10.83

15.00

5.67

5.67

1.62

0.60

0.83

100.00

96.77

81.37

0.3

17.00

11.53

12.67

13.00

4.33

6.00

1.51

0.57

1.02

93.21

91.94

100.00

Fert.
Rate
(g/pot)

Table B.3

S2

S3

Soy at -3 bars soil moisture level
Avg. Ht. (cm)

Fert.
Rate
(g/pot)
0

S1

S1

S2

35.33

38.83

0.07

31.67

0.14
0.3

S3

Avg. FW (g)

Avg. DW (g)

Yield %

S1

S2

S3

S1

S2

S3

S1

46.00

4.00

6.33

6.33

1.05

1.29

1.31

100.00

81.13

85.62

51.67

46.83

4.00

7.33

7.00

0.98

1.52

1.37

93.33

95.60

89.54

27.67

42.50

61.17

3.00

7.67

8.00

0.87

1.57

1.41

82.86

98.74

92.16

25.33

37.33

32.000

2.33

8.00

6.00

0.70

1.59

1.53

66.67

100.00

100.00
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S2

S3

Table B.4
Fert.
Rate
(g/pot)
0
0.07
0.14
0.3

S1

Soy at -1/3 bar soil moisture level
Avg. Ht. (cm)
S2
S3

44.17
35.67
45.67
34.50

35.00
31.33
32.43
33.33

29.83
27.00
28.00
34.00

S1

Avg. FW (g)
S2
S3

6.67
7.00
7.33
4.67

3.33
4.00
3.33
3.33

S1

2.00
1.67
2.00
2.33

Avg. DW (g)
S2
S3

1.42
1.47
1.49
1.06

0.74
1.000
1.02
0.91

0.53
0.53
0.54
0.64

Yield %
S2
S3

S1
95.3
98.66
100.00
71.14

72.55
98.04
100.00
89.22

82.81
82.81
84.38
100.00

Plant tissue K trend with increasing fertilizer application rate
The following figures represent how corn and soybean plants were growing with
respect to the varying K fertilizer rates that were used in the study. The growth trend at
each soil moisture level is presented in separate figures.
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Fertilizer rate and corn tissue K at -3 bars soil moisture level

Figure B.1

Corn tissue K response to varying K fertilizer application rates at -3 bars
soil moisture level in the three soils.
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Fertilizer rate and corn tissue K at -1/3 bar soil moisture level

Figure B.2

Corn tissue K response to varying K fertilizer application rates at -1/3 bar
soil moisture level in the three soils.
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Fertilizer rate and soybean tissue K at -3 bars soil moisture level

Figure B.3

Soybean tissue K response to varying K fertilizer application rates at -3
bars soil moisture level in the three soils.
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Fertilizer rate and soybean tissue K at -1/3 bars soil moisture level

Figure B.4

Soybean tissue K response to varying K fertilizer application rates at -1/3
bar soil moisture level in the three soils

Plant growth response to varying fertilizer application rate in the three soils

Figure B.5

Growth of corn plants in soil1 at -3 bars soil moisture level
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Figure B.6

Growth of corn plants in soil1 at -1/3 bar soil moisture level

Figure B.7

Growth of corn in soil 2 at -3 bars soil moisture level
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Figure B.8

Growth of corn in soil 2 at -1/3 bar soil moisture level

Figure B.9

Growth of corn in soil 3 at -3 bars soil moisture
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Figure B.10 Growth of corn in soil 3 at -1/3 bar soil moisture level

Figure B.11 Growth of soybean in soil 1 at -3 bars soil moisture level
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Figure B.12 Growth of soybean in soil 1at -1/3 bar soil moisture level

Figure B.13 Growth of soybean in soil 2 at -3 bars soil moisture level
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Figure B.14 Growth of soybean in soil 2 at -1/3 bar soil moisture level

Figure B.15 Growth of soybean in soil 3 at -3 bars soil moisture level
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Figure B.16 Growth of soybean in soil 3 at -1/3 bar soil moisture level
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APPENDIX C
STATISTICAL DISTRIBUTION OF DATA FROM THE STUDY
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The following figures present distribution of data from the study. Analysis was
done in SAS

Figure C.1

Distribution of corn tissue K at -3 bars soil moisture level

Dependent variable was corn tissue K.

68

Figure C.2

Distribution of corn tissue K at -1/3 bars soil moisture level

Dependent variable was corn tissue K
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Figure C.3

Distribution of soy tissue K at -3 bars soil moisture level

Dependent variable was soy tissue K
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Figure C.4

Distribution of soy tissue K at -1/3 bars soil moisture level

Dependent variable was soy tissue K
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Percentage yield distribution plots at the two designated soil moisture levels

Figure C.5

Distribution of percentage yield of corn at -3 bars soil moisture level

Dependent variable was corn percentage yield
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Figure C.6

Distribution of percentage yield of corn at -1/3 bar soil moisture level

Dependent variable was corn percentage yield
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Figure C.7

Distribution of percentage yield of soybeans at -3 bars soil moisture level

Dependent variable was soy percentage yield
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Figure C.8

Distribution of percentage yield of soybeans at -1/3 bar soil moisture level

Dependent variable was soy percentage yield
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APPENDIX D
SOME PHOTOGRAPHS FROM THE STUDY

76

Figure D.1

Corn and soybean seedlings one week after pre-germinating them in sand
trays

Figure D.2

Corn seedlings on transplanting day
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Figure D.3

Corn plants in greenhouse, 19 days after transplanting

Figure D.4

Soybean plants in greenhouse, 19 days after transplant
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